Energy arguably plays a substantial part in the economic growth process. In this paper, we examine the intertemporal causal relationship between energy consumption and economic growth in Pakistan during the period of 1985-2017. Unlike the majority of the previous studies, we employ the newly developed autoregressive distributed lag (ARDL)-bounds testing approach by Pesaran et al. (2001) to examine this association. It is an attempt to explore the long run ties for energy consumption and energy intensity with economic growth, urbanization, trade openness, and financial development. Results postulate that the trade openness has a positive impact on energy consumption while urbanization and financial development have a negative influence. As far as sectoral analysis is concerned, agriculture and manufacturing share has a positive imprint on energy while the services sector has a negative effect. Overall, the study finds that energy consumption spurs economic growth in Pakistan. The findings have practical policy implications for decision makers in the area of macroeconomic planning.
INTRODUCTION
Energy is recognized as fuel for industrial development and economic growth (Mirza et al., 2019) . The energy industry, along with its vital products, serves as an imperative factor in the production process of good and service and the main contributor to sustainable economic growth. Since the start of industrialization, the swift pace of economic growth is accompanied by hefty energy consumption. By increasing wages and boosting urbanization, industrialization creates a further increase to energy demand. For example, energy consumption augmented by more than 150% during last decade in China and documented as the world's biggest energy user in 2017. However, the use of energy, especially that of fossil fuel, has many hostile environmental impacts.
The energy consumption in terms of renewables is a noteworthy supplier to static greenhouse gas emissions.
They are indispensable to keep the temperature of the earth warm. On the other side, the use of greenhouse gases caused by man-made actions, captivate more heat and lead to global warming. It causes climate change which documented as an extreme challenge for policymakers. The global climate change intimidates the wellbeing of
LITERATURE REVIEW
In the last one or two decades, plenty of studies conducted by the researchers that found the causal nexus between energy consumption and economic growth mostly, the proxies used for these two are income and employment respectively. The findings have been ambiguous and conflicting (Asafu-Adjaye et al., 2016) . The first of the groundbreaking study done was by Kraft and Kraft (1978) which inferred that there is a causality from GNP to energy consumption in US. In the same way, Akarca and Long (1979) take monthly data of US find a unidirectional Granger Causality from energy consumption to the employment, having no feedback. These findings have been challenged by many researchers by then. Empirical evidences provided by Yu and Choi (1985) ; Erol and Yu (1987) find no causal nexus between energy consumption and GNP (a proxy for income).
Another strand of literature analyze this issue from another perspective as Kalimeris et al. (2014) review the energy to GDP causality using a meta-analysis approach which is quite different 158 studies have been taken for a period of 1978-2011. Multinomial logistic regression method results do not indicate the presence of direction of causality. It rejects the neutrality hypothesis. For the sake of Pakistan, Aqeel and Butt (2001) investigate the association of energy consumption to both the economic growth and employment in Pakistan. The methodology used is co-integration and Hsiao`s Granger causality. Results indicate that total energy consumption as well as that of petroleum is caused by economic growth. The reason for these conflicting empirical findings lies in the choice of approaches and methodologies used for this study. In order to proceed with the advancement in time series data, in the last decade, bivariate causality tests have been used but these also have conflicting results.
The connection between economic growth and financial development is quite complex. Sadorsky (2011) studies the impact of financial development on energy consumption for nine European nations. Results confirm the statistically significant and positive relationship between energy consumption and financial development. Whereas, Çoban and Topcu (2013) study the effect of financial development on consumption of energy in the Europe. GMM based results do not contain any significant nexus but there is a strong proof of the effect of financial development on the energy consumption in the members that are old, irrespective of stock market or banking sector. For the new members, the same impact is dependent on the way the financial development is measured. Similarly, Furuoka (2015) takes the nexus between energy use and financial development for the period of 1980-2012. Heterogeneous panel causality test describes a long run equilibrium relationship between energy use and finance. The heterogeneous panel causality test further shows causality that s unidirectional and that runs from energy consumption to financial development.
Further extension in analysis made by Farhani and Solarin (2017) by examining the time series data of United States. The results suggest co-integration among them. Also, financial development lessens demand of energy in the long run but also stimulates in the short run. Nasreen et al. (2017) aim to study the nexus between financial stability, carbon dioxide emissions, energy consumption and economic growth for South Asian countries. Granger causality and bounds tests for co-integration result expresses that the environmental quality is improved by financial stability. As far as energy intensity is concerned, Voigt et al. (2014) studies the trends in energy intensity in 40 foremost economies. At the country level, the improvements in energy intensity are largely caused by the technological change. While at a global level, there is a shift of global economy to more energy intensive countries but still, aggregate energy efficiency is followed u and improved by technological change. Likewise, Mirza et al. (2019) attempt to find out how to decompose the energy consumption and energy intensity into activity and efficiency changes. Fischer ideal index decomposition method suggest that energy intensity has been increasing to 53 percent during 1972-2011. Around 72 percent of this increase is due to the inefficient use of energy.
On the other hand, Tugcu and Topcu (2018) studies the nonlinear relationship between energy consumption and trade. Heterogeneity is involved to employ a panel framework and cross sectional dependence is checked. The sample used is of OECD countries from 1990-2015. Outcomes display that the effect of trade on energy consumption reveals an inverted U-shaped pattern and the nonlinear relationship is robust to estimation methods.
Moreover, Fan et al. (2017) extends the analysis and empirically investigate the impact of urbanization on energy consumption taking into account the provincial differences. The results say that urbanization increases CO2 emissions but it is not the case always. Urbanization strongly affects the regional CO2 emissions in Northern China where there is a coal and heavy industry base.
In a nutshell, after keen evaluation of plethora of literature on economic growth and energy consumption, we divided the current study analysis into four different models with different explanatory variables taking into account. Conceptual discussion is provided in the next section.
THEORETICAL FRAMEWORK AND METHODOLOGY

Theoretical Framework
Energy demand and its consumption has crucial role for a country. It is not confined to country but has global impacts and consequences as well. This study investigates the relationship between economic growth and energy consumption for Pakistan. It also incorporates the consequences that environment of Pakistan faces. When energy burns, it releases dangerous chemicals which harms the entire atmosphere and specifies living and breathing under that environment. We estimates four different models, first of which examines effects of financial development, income, urbanization and trade openness on energy demand. Since liberalization of financial markets tend to promote growth , hence following Bekaert and Harvey (2000) we have the following model to estimate impacts of financial development and income on energy demand.
)
Where ED stands for energy demand, FD stands for financial development and GDP indicates gross domestic product. Similarly, urbanization has been witnessed to increase the energy consumption ie, the more the urbanization, the higher is supposed to be the energy consumption. Hence forth, we would be taking urbanization as control variable and augment our model as below:
Where UR indicates urbanization (Sbia et al., 2014) points out that another control variable which is supposed to have an impact on energy consumption is trade openness. Trade openness can have positive as well as negative impacts on energy consumption. Its impact can be negative if increasing trade flows result in bringing innovative technologies while positive when it increases the scale of production. Thus we are augmenting our model as follow in Equation 1:
(1) Where TR indicates trade openness. Similarly, we also add square of the GDP to account for Kuznets Curve for energy consumption. We further want to explore the sector wise impact of income on energy use, following Ling et al. (2015) we estimate another model by including the share of agriculture, manufacturing and services sector. For this purpose, we estimate the following Equation 2 model:
(2) Where, FD is financial development, MS, AS and SS are manufacturing shares, agriculture shares and services shares respectively. To look further into determinants of energy demand, we take into account more of the research work. Literature further recommends that trade openness encourages mass awareness to demand for clean environment, energy-efficient technology transfer and government policy course toward ecological welcoming programs. The environmental significance of trade via energy consumption is varied by income effect, technique effect, and composition effect Jena and Grote (2008):
(3)
In Equation 3, GDP, GDP 2 are gross domestic product and its squared and they show scale effect and technique effect respectively. K is capital-labor ratio represents composite effect, TR is trade openness depicts trade effect while K.TR is comparative advantage effect:
Where in Equation 4, EIt is energy intensity, it is ratio of energy use to GDP, while K denotes capital growth rate and K/L is ratio of capital and labor. We have taken energy intensity as dependent variable to check its determinants. However, we used GDP and capital growth rate and capital-labor ratio as explanatory variables.
Variable of GDP is included to show the level of economic development. There is general belief that as economy develops energy efficiency also improves, so accordingly we expect GDP sign for model (4) to be negative.
Following Metcalf (2008) capital-labor ratio is used as a proxy for level of technology. The intuition is that technology, energy and capital can be substituted. However, we expect capital-labor ratio to have a negative sign, since energy intensity may lower energy use because of improvements in the technologies. We also introduce the growth of capital stock in the model which is used to account for the speed by which old machines are replaced by new ones.
Econometric Methodology
Our main emphasis is to estimate dynamics of energy consumption for the country Pakistan, and since we have to deal with time series data, it has its own problems and properties. One of the most important properties of the time series is data stationarity, it must be checked otherwise simple ordinary least squares (OLS) will provide spurious coefficients. Fortunately, researchers have found the way to deal with this type of problem, if variable are non-stationary or there exists unit root in the series, they prefer to estimate co-integration techniques to estimate any relationships given variables and models.
Co-integration is broader concept under which comes different techniques, few of them are widely used based on their popularity, which are; single equation approaches including residual based Engle-Granger single equation technique, Engle and Granger (1987) and ARDL technique, Pesaran et al. (2001) and multiple equation approaches which includes Johansen-Juselius (JJ) technique, Johansen and Juselius (1990) . Since we are interested in finding our dynamic relationship among variables, this study will apply ARDL approach to co-integration.
Speaking of ARDL technique, it is superior to other mentioned integrated techniques. Firstly, ARDL is flexible as compared to other approaches, that is, when order of integration is not same i-e some are I (1) and some are I (0), it can also be employed. In contrast, ARDL should not be used if any of the variables is integrated of order two, symbolically, I (2). Its flexibility also includes introduction of lags of both dependent and independent variables in the model, when lags of dependent variable are incorporated it is called -autoregressive‖, while inclusion of lags of independent variables makes it -distributed lag‖, thus, allows past values to impact dependent variable. Secondly, when ARDL takes sufficient number of lags, it uses general to specific framework to deal with and to capture data generating process. Moreover, estimates using ARDL are consistent if there is a short span of data. To attain optimal lag length, ARDL estimates the expression of (p+1) K number of regression. In the mentioned expression, k denotes number of variables while p denotes maximum lags.
Thirdly, ARDL is relatively robust when sample size is finite or small. According to Pesaran and Shin (1998) ARDL is superior in case of small sample on Johansen co-integration technique which requires sample to be large enough to produce valid and reliable results. In addition to that, the techniques of Johansen and Juselius (1990) and Engle and Granger (1987) do not yield reliable results in small sample case. Briefly speaking, in situation involving endogeneity, small size of sample and varying order of integration among variables, ARDL approach given by Pesaran et al. (2001) is used to find out short and long run connections among various variables.
Econometric Models of the Study
Based on availability, data on respective variables are taken from 1985 to 2016 for Pakistan. Since Pakistan is facing energy shortage against achieving its desired energy needs, so it will be interesting to study case of Pakistan.
Complete variables description and data sources are presented in the appendix section of this study. Econometrical models of the study are described below:
Model 1
Model 2
Model 3 Model 4 Where ln denotes natural logarithm, are intercepts, while and α's are coefficients of respective variables. lnFD is natural log of financial development, lnGDP is natural log gross domestic product, lnUR is natural log of urbanization, lnTR is natural log of trade openness. lnAS is natural log of agriculture share, lnMS is natural log of manufacturing share lnSS is natural log of services sector, lnK_L is natural log of capitallabour ratio while lnK.TR is comparative advantage and lnKrate is growth rate of capital. The general form for ARDL model is in Equation 5:
Where α0 is intercept parameter while α1 to α10 on right hand side are long run parameters indicating long run relationship. P shows number of lags, εt is error term which is white noise in the model. The terms along with delta sign and summation shows error correction estimates for short run. There are two steps in ARDL approach for calculating F-statistics for co-integration. First is the selection of lag length of the ARDL model, thus optimal number of lags must be selected before estimating ARDL model. There are different criterions for selection of optimal number of lags such as Akaike Information Criterion (AIC), Schwarz Information Criterion (SC), Log
Likelihood Ratios (LR) and Log Likelihood test (LL). These all criterions have same null hypothesis that is, selected order of lag is optimal.
Once number of optimal lags are selected, we will go for second step of ARDL approach, which is to find out long run relationship of selected ARDL model. Prior to this, we will make use of Wald or F-test (Pesaran, 1997 
RESULTS AND EMPIRICAL ANALYSIS
First part of this section presents graphical representations of dependent variable i-e energy consumption against all other explanatory variables to discover patterns and/or trends of variables. Figure 1 exhibit relationship between energy use and agriculture sector, trend is positively sloped indicating positive relationship. Figure 2 shows relationship between energy use and labor force, likewise, there is positive pattern shown by graph. Figure 3 depicts financial development against energy use, shows negative trend between these two. Figure 4 shows relationship between energy use and GDP which is also positively sloped, similarly, Figure 5 and Figure 6 depict energy use against manufacturing sector and capital respectively. Both tend to show positive pattern. Figure 7 shows positive relationship between energy use with services sector while Figure 8 shows negative trend between energy use and trade. Figure 9 exhibits positive pattern for urbanization against energy use. .
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© 2019 AESS Publications. All Rights Reserved. Table 2 provides correlation analysis among variables. We have applied ADF unit root test on all variables to find out whether our variables are stationary and in case if they are not stationary, on what difference they will become stationary, in other words, known the order of integration. The results are presented in the following Table 3 . bound I(1). Since our all variables are stationary at 1 st difference or say are of order of integration I(1), we compare our calculated f-value with upper bound critical value. However, it can be concluded that there exits long run relationship among variables in our estimated model (1) i-e calculated F-value is greater than upper bound. Table 5 provides Bound test results at 5% significance level. Similarly, for model (4) all variables are significant at 1% level of significance and all variables have negative signs.
Results of Error Correction Model (ECM)
We have extracted short run coefficients using error correction model which are reported in the following table. Error correction term (ECM) has vital importance in case of short run, since it shows speed of adjustment or say convergence, to put it in simpler words, it tells how long it will take for variable to converge. (1), ECM has value -0.692655 at 1% level of significance in short run. It has implication that any shock will be corrected if it occurs in energy consumption by taking 69 percent speed in course of one year.
Similarly, for model (2) value of ECM is -0.171864 at 1% level of significance. As well, model (3) has ECM value of -1.048985 at 1% level of significance indicating any shock will be adjusted in energy consumption by speed of 105% in course of one year. For model (4), ECM has value -0.602722 at 1% level of significance in short run. It shows that any shock will be adjusted if it occurs in energy intensity by taking speed of 60 percent in course of one year. Table   7 describes short run analysis of the model 1.
Encompassing Analysis
This section reports the results of encompassing analysis which are done to find out sensitivity and robustness of variables and to mitigate specification bias problem as shown in following tables. 
Variables Equation 1
Equation 2 Equation 3 Equation 4 Base eq. Trade openness is insignificant throughout all equations, while urbanization is negative and significant at 1% level of significance.
LNFD
Similarly, the following Table 9 reports Coefficients of urbanization and trade openness are negative and insignificant except for urbanization in base equation, which is significant at 1% level of significance. 
CONCLUSION
A bulk of studies have endeavored to examine the linkages between energy consumption and economic growth, however, no consensus has emerged. The study investigates dynamic relationships between economic growth and energy consumption via incorporating different variables such as trade oppresses, financial development, urbanization. Four different models are estimated, first three models are estimated for energy use, whereas, model 4 is estimated for energy intensity. The study employs ARDL bound test approach to discover long run relationships and concludes that there exists long run relationship for all four models. It concludes that trade openness positively related to energy use that is when country engage in trade it needs production of goods to export which leads industries to produce more and consume more energy while urbanization impacts negatively energy use for Pakistan suggesting that in urban areas are likely to adopt energy efficient technology. Economic growth is shown to have larger and positive impact on energy use, while financial development has negative impact on energy use.
Since it is likely that financial development leads to energy and cost-efficient technologies in practical use. Among shares of economy, agriculture and manufacturing share has positive impact on energy use because these sectors need energy to produce. However, services share is shown to have negative effect on energy use, it leads to decrease in energy use. Capital to labor ratio and comparative advantage impact energy use negatively and positively.
The policy makers around country can look for the empirical results of this study, since it provides stages of energy use and economic growth relationship. We have witnessed a huge significant positive impact of GDP on energy use, suggesting that as GDP grows it significantly increases energy consumption. We have also found significant increase in energy use and after achieving certain point GDP grows but energy use tends to decline. 
Indicator name Long definition Unit Source
Energy use -Energy use refers to use of primary energy before transformation to other end-use fuels, which is equal to indigenous production plus imports and stock changes, minus exports and fuels supplied to ships and aircraft engaged in international transport‖.
(kg of oil equivalent per capita) IEA Statistics OECD/IEA (http://www.iea.or g/stats/index.asp), subject to https://www.iea.or g/t&c/termsandco nditions/ Energy intensity -Ratio of energy consumption to gross domestic product‖. kt of CO2 equivalent WDI GDP per capita -GDP per capita is gross domestic product divided by midyear population. GDP is the sum of gross value added by all resident producers in the economy plus any product taxes and minus any subsidies not included in the value of the products‖. Views and opinions expressed in this article are the views and opinions of the author(s), Energy Economics Letters shall not be responsible or answerable for any loss, damage or liability etc. caused in relation to/arising out of the use of the content.
